1. Introduction
===============

Breast cancer is one of the most common women cancer, both in developed and developing countries, and thus appears to be a worldwide public health problem. Global research data also indicate that breast cancer has the highest diagnosed cases and is the 2nd-leading cause of cancer deaths among women, after lung cancer.^\[[@R1]\]^ Importantly, as compared to western white women, the Chinese women depict historically lower risk of breast cancer. However, recent epidemiological study in China showed that breast cancer alone accounted for 15% of all the new cancer-related cases in women, and demonstrated increasing trend in mortality. This study also emphasized that breast cancer has been the leading cause of cancer death in women younger than 45 years of age.^\[[@R2]\]^

The exact mechanism of breast cancer pathogenesis is not completely clear, but several risk factors for the disease have been established, including: female gender, increasing patient age, family history of breast cancer at a young age, early menarche, late menopause, old age at 1st live childbirth, prolonged hormone replacement therapy, previous exposure to the therapeutic chest wall irradiation, benign proliferative breast disease, increased mammographic breast density, and genetic mutation of the *BRCA1/2* genes.^\[[@R3]\]^ In addition, several epidemiological studies showed number of births, alcohol use, obesity, physical inactivity, a reduced duration (or avoidance) of breast-feeding, and induced abortion (IA) as factors related with breast cancer incidence.^\[[@R4]--[@R8]\]^

Typically, there are 2 mechanisms hypothesized to underlie an association of IA to breast cancer risk. First, the women undergoing abortion usually do not experience long-term protection against breast cancer in comparison to full-term pregnancy. Second, the breasts of women who have undergone IA are exposed to typically high hormone levels during early pregnancy, but later they do not experience the terminal cell differentiation, a step that occurs in late pregnancy. This makes breast tissue more vulnerable to carcinogens.^\[[@R9]\]^ Hence, many studies about incomplete pregnancy and development of breast cancer were conducted but did not come to a convinced conclusion. A recent meta-analysis^\[[@R10]\]^ further confirmed this view of IA association with increased risk of breast cancer in Chinese females. But some of the studies in this meta-analysis review included IA data together with spontaneous abortion (SA), and thus made the conclusions doubtful. In addition, the European Prospective Investigation into Cancer and Nutrition also specifically reported about the lack of association between IA and breast cancer risk, but it did show a positive association with SA.^\[[@R11]\]^ Similarly, another systematic review based on prospective studies provided an evidence about no positive association between abortion (both IA and SA) and breast cancer risk.^\[[@R12]\]^ But this meta-analysis only included 1 study with Chinese subjects with high IA incidence.

Thus, due to conflicting reports about the association of IA with risk of breast cancer, we decided to undertake a new meta-analysis by selecting studies which specifically tested the association of IA only, with breast cancer, and also included more number of Chinese subjects than in the previously published studies. For avoiding repetitive analysis as done in study by Guo et al, and obtaining larger samples including Chinese, we have chosen only case--control studies.

2. Methods
==========

2.1. Search strategy
--------------------

All the relevant clinical studies were searched from the English-language literature using Pubmed, Embase, and Cochrane databases, until December 10, 2016. The following key words, "breast cancer," "breast carcinoma," "breast neoplasm," "breast tumor," "mammary cancer," "mammary carcinoma," "mammary neoplasm," "mammary tumor," and "induced abortion" were used for literature search, by 2 individual authors. We also performed a full manual search of the bibliographies of selected studies to identify additional studies. To maximize data acquisition, we contacted authors whose articles contained insufficient information.

2.2. Inclusion and exclusion criteria
-------------------------------------

The following inclusion criteria were used to select relevant studies: case--control studies about the association between IA and breast cancer risk (case group, breast cancer patient group; control group, healthy controls); all subjects in the case group were histopathologically diagnosed for having primary breast cancer; and all controls were without prior breast cancer diagnoses, any known chronic diseases, or any hormone-related diseases. However, the reviews, meta-analyses, or case reports with no appropriate controls, and studies focusing on SA or which did not differentiate between SA and IA, and with incomplete or unavailable data, were excluded from our meta-analysis.

2.3. Data extraction
--------------------

Two authors (Deng and Xu) separately evaluated the retrieved studies, according to the eligibility criteria. The following information was extracted from each paper study; number of subjects in each study; details on the study design, including first author, year of publication, region, and type of study; and sample size of each arm and subgroup. In addition, when there was any discrepancy, 3rd author (Zeng) was consulted for consensus.

2.4. Study quality
------------------

The quality of each study was independently assessed by the same 2 authors (Deng and Xu) according to the following criteria: studies designed with case characteristics matched to controls; followed strict inclusion and exclusion criteria for patients; and the methodological quality of included studies described by Newcastle--Ottawa scale.^\[[@R13]\]^

2.5. Statistical analysis
-------------------------

All statistical analyses were performed with Review Manager Software 5.3 (Cochrane Collaboration, Oxford, UK). The chi-squared (*I*^2^) test was used to detect heterogeneity, and when *I*^2^ value exceeded 50% with 10% level of significance (*P* \< .10), it represented significant heterogeneity, and thus random effect model was used for analysis, including subgroup analysis. In other instances, the fixed effect model was used for analysis. The combined ORs (measure of efficacy) with 95% CIs were calculated, and the publication bias was assessed with funnel plot analysis.

2.6. Ethical approval
---------------------

This article does not contain any studies with human participants or animals performed by any of the authors, so there was not ethical approval in the study.

3. Results
==========

3.1. Identification of relevant studies
---------------------------------------

Using the study selection criteria, we identified a total of 452 studies from the literature. After complete scanning of the titles and abstracts, only 49 clinical studies related to IA and development of breast cancer were retrieved and subjected to further detailed evaluation. Among these 47 were fully published text studies but we ultimately obtained only 43 full texts. Few more studies were excluded as, 1 was repetitive study, and another 10 studies used different styles of statistic measures, 1 was case report and another 2 were meta-analyses. The inclusion criteria, later led to exclusion of another 4 prospective studies, and thus overall only 25 studies were finally included in our meta-analysis. These studies had a total of 28,278 breast cancer subjects and 40,783 controls (Fig. [1](#F1){ref-type="fig"}). Complete information about the total number of cases and additional subgroups has been listed in Table [1](#T1){ref-type="table"} and Table-supplement. The four^\[[@R14]--[@R17]\]^ studies exclusively had the data about association between number of IAs and breast cancer, among parous women (underlined data in Table [1](#T1){ref-type="table"}).
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Characteristics of the clinical trials included in the meta-analysis.
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3.2. Data synthesis
-------------------

The meta-analysis based on all selected studies^\[[@R14]--[@R38]\]^ indicated that there was no significant association between IAs and breast cancer among patients and controls (OR = 1.08, 95% CI 0.98--1.19, *P* = .1, Fig. [2](#F2){ref-type="fig"}). There was no publication bias observed for this dataset as analyzed through funnel plot (Fig. S1). However, significant heterogeneity (79%) was observed, and thus we further conducted subgroup analyses based on number of IAs, age of 1st IA, childbearing history, and race, in an effort to understand the reasons of high heterogeneity.
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3.3. Subgroup analyses
----------------------

Eight^\[[@R18],[@R22],[@R24],[@R25],[@R32],[@R34]--[@R36]\]^ studies had the data about number of IAs in cancer patients and controls. So, first the subjects were stratified based on the number of IAs, that is, one time or more than one time. Interestingly, both these subgroups did not show any significant association with breast cancer. The combined OR of one time IA was 1.03, 95% CI 0.90 to 1.18, *P* = .63, while OR of more than one time IAs was 1.06, 95% CI 0.86 to 1.30, *P* = .5 (Fig. [3](#F3){ref-type="fig"}). Also, no publication bias was observed in both subgroups, as shown in Fig. S2. Although *I*^2^ values were 56% and 60%, respectively, for one time and more than one time IAs, it is difficult to say heterogeneity could impact the statistical heterogeneity for lack of dose--response relationships.
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Next, three^\[[@R24],[@R25],[@R34]\]^ studies had the information about the specific age when 1st IA occurred, and thus we stratified the patients as younger (less than 30 years) or older (above 30 years of age). Again, we observed no significant difference in the association of IAs with breast cancer in both subgroups, as the observed OR in younger subgroup was 1.05, 95% CI 0.88 to 1.26, *P* = .59, *I*^2^ = 0%, while in older subgroup, it was 1.18, 95% CI 0.93 to 1.49, *P* = .17, *I*^2^ = 41%, (Fig. [4](#F4){ref-type="fig"}). The funnel plot analysis showed no significant publication bias (Fig. S3). Importantly, the overall *I*^2^ value was 0% in younger subgroup, which suggested that the age of 1st IA did contribute into the heterogeneity.
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In addition, we also conducted a subgroup analysis based on the reproductive history. Based on the analysis of nine^\[[@R14],[@R15],[@R17],[@R22],[@R23],[@R27],[@R30],[@R31],[@R33]\]^ studies about nulliparous women, it was observed that there was no difference in the association between IA and breast cancer (OR = 1.02, 95% CI 0.86--1.21, *P* = .85, *I*^2^ = 9%). However, opposite trend was observed when the data from parous women were analyzed. The IA did show significant association with breast cancer (OR = 1.11, 95% CI 1.02--1.20, *P* = .01, *I*^2^ = 34%) (Fig. [5](#F5){ref-type="fig"}). In addition, the funnel plot analysis revealed no significant publication bias for both nulliparous and parous group of patients (Fig. S4). This analysis demonstrated that IA correlated with breast cancer rate in parous women. Additionally, there were four^\[[@R14]--[@R17]\]^ studies, which typically had the data related to number of IAs and breast cancer in parous women. But, here we did not observe any significant association between one time IA (OR = 0.96, 95% CI 0.86--1.07, *P* = .45) or more than one IAs (OR = 1.03, 95% CI 0.89--1.18, *P* = .07) with breast cancer (data not shown).
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Finally, five^\[[@R14],[@R18],[@R19],[@R25],[@R26]\]^ studies exclusively had the data about Chinese patients, and our meta-analysis indicated that there was no significant association between IA and breast cancer (OR = 1.05, 95% CI 0.97--1.13, *P* = .21) (Fig. [6](#F6){ref-type="fig"}), along with no publication bias (Fig. S5). The *I*^2^ value was 81%, which emphasized that heterogeneity was not related to specific ethnicity.

![Forest plot of association between breast cancer and induced abortion (IA) in Chinese subjects.](medi-97-e9613-g007){#F6}

4. Discussion
=============

Multiple studies worldwide have indicated about the association between IA and breast cancer. In 1990, the study by Li et al suggested about IA as the risk factor for breast cancer.^\[[@R39]\]^ Similarly, the meta-analysis by Brind et al^\[[@R40]\]^ also arrived at similar conclusions. However, on the contrary, some other studies arrived at different conclusions. Specifically, the study by Mahouri et al^\[[@R41]\]^ showed that there was no relationship between breast cancer and IA. The data from another study also indicated that IA was not associated with breast cancer incidence.^\[[@R42]\]^ A systematic review including meta-analysis by Guo et al^\[[@R12]\]^ concluded about not having sufficient evidence to support the positive association between IA and breast cancer risk. Thus, these conflicting reports posed a major question about the effects of IA on breast cancer, and led us to undertake this meta-analysis which included 25 studies. However, our study also concluded that there was no association between IA and breast cancer. But we did observe significant heterogeneity and thus further analyzed the association at the subgroup level to identify additional possible factors regulating high heterogeneity.

At the subgroup levels, 2 studies by Giangreco et al^\[[@R23]\]^ and Friedman et al,^\[[@R43]\]^ which were part of our analysis also, indicated that the increasing number of IAs might be associated with lowered risk of breast cancer. Although the study by Jiang et al^\[[@R18]\]^ observed that IA was associated with increased risk for breast cancer. However, our subgroup analysis concluded that number of IAs were not associated with breast cancer and were also not the cause of high heterogeneity. Similar trend was observed when subgroup analysis was performed with parous women. The whole idea of subgroup analysis based on the times of IAs was based on the hypothesis which states that multiple IAs decreased nondifferentiated cells, which subsequently reduced the susceptibility of epithelial cells to future carcinogenic stimuli, and hence reduced risk of breast cancer.^\[[@R14]\]^

In terms of identifying factor regulating high heterogeneity, our data indicated that age of 1st IA might be important and can contribute toward high heterogeneity. But, in parallel our subgroup analyses did not show significant association between 1st IA age and breast cancer. In this context, a study by Janet et al^\[[@R34]\]^ concluded that association of elevated breast cancer risk with IA was high in women who have undergone their 1st IA, either before 18 years of age or at age 30 years and older. However, in our analysis we only had 3 studies with data about age of patients with IAs, and our conclusion was based on the cutoff value "younger or older than 30." Thus, we believe that more detailed stratified analysis by age should be undertaken to further clarify the true nature of association of breast cancer with IA age.

In addition, we also performed the subgroup analysis based on different reproductive history to account for high heterogeneity among individual studies. Two epidemiological^\[[@R44],[@R45]\]^ reviews have pointed out that it would be most appropriate to separately compare the data from nulliparous and parous women. Infact, inclusion of parous women along with nulliparous may result in an increase in breast cancer risk for young women who have actually not had a full-term pregnancy due to their nulliparity and not because of incomplete pregnancy.^\[[@R23]\]^ Therefore, in our analysis, we performed separate analyses for nulliparous and parous women, and observed that heterogeneity among different studies was decreased. This subgroup analysis showed that IA increased the risk of breast cancer for parous women, but not for nulliparous women. Parity, as such has been shown to be associated with reduced breast cancer risk, and the probable mechanism includes less estrogen in these women has low impact on breast tissues during pregnancy. For nulliparous women, the nulliparity is the main risk factor of breast cancer and might dilute the effect of IA. Thus, in parous women, IA might contribute to the breast cancer, as significant risk factor.

The use of IAs have been widely used in China, and 2 recent meta-analyses^\[[@R10],[@R12]\]^ investigating association between breast cancer and IA were conducted. The meta-analysis by Huang et al^\[[@R10]\]^ showed that IA was a risk factor for breast cancer, but their subgroup analyses observed no significant associations between IA and breast cancer in the cohort of studies with Newcastle--Ottawa scale score of 8--9, despite high heterogeneity. Our analysis also conducted subgroup analyses exclusively using data from Chinese subjects. Ultimately, our analyses demonstrated no significant association between IA and breast cancer, and appeared that ethnicities might not contribute to the overall heterogeneity.

Importantly, there appeared to be several limitations to our meta-analysis and should be considered in parallel. First, all our studies were case--control studies, but still more high quality, well designed trials including cohort or prospective studies, and prospective cohort studies would be necessary those are less vulnerable to bias. Second, we only identified studies published in English literature, and this means that some high-quality studies published in other language might have been left out. Third, despite subgroup analyses undertaken by us, more detailed stratified studies about Chinese population would be required to get high confidence level in the results. Fourth, the studies used in our analysis were not exactly matched in terms of age at 1st birth, duration of breast-feeding, histopathological classification, and these differences also might contribute to the statistical heterogeneity.

In conclusion, despite several limitations, we have demonstrated that IA might increase the risk of breast cancer in parous women, but in the nulliparous, IA was not observed to be significantly associated with an increased risk of breast cancer. We did not observe any association between breast cancer risk and the times of IAs. The specific association between breast cancer and the 1st age of IA would require more high quality and detailed studies for further verification.
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